INTRODUCTION
The population of hair breed sheep has been increasing gradually in the last decade across the American continent, and their distribution is not limited to tropical regions as before. Actually, hair breed sheep are dispersed both in tropical regions as template and arid, and they have shown good adaptation to these environmental conditions (McManus et al., 2010) . Sheep from Pelibuey breed or their crosses with Dorper and Katahdin are the main hair genotypes distributed in Mexico, and its production system is most extensive in natural fodder (Chay-Canul et al., 2011) . Consequently, the evaluation of the nutritional status of animals from its body structure has great importance into the farm management to maintain adequate productive and reproductive efficiency (McManus et al., 2010) . So, a continuous assessment of the body status in the sheep is required to establish nutritional management strategies in flocks.
The body condition score (BCS) has been used as an index of available body energy reserves in domestic and farm animals and is widely used in ewes (Russel et al., 1969; Chay-Canul et al., 2011; Kenyon et al., 2014) . The BCS is a method easy to perform and does not require any particular equipment for its measurement (Mendizabal et al., 2011 , Kenyon et al., 2014 ; however, this measurement is considered to be subjective to some extent , and therefore, its reliability and validity have
The body condition score (BCS) is the main measure used to determine nutritional and body status in the sheep industry, however, its evaluation is subjective and, both researchers and producers can easily fall into an overestimate or underestimate of this parameter. In consequence, this study aimed to assess if back fat thickness (FT) and Longissimus dorsi area (LDA) measured by ultrasonography can be used to develop prediction equations for BCS in multiparous and non-pregnant Pelibuey ewes. Eighty ewes were used to carry out the experiment. Experienced technicians developed the evaluation of BCS using a 5 point scale, as well as the measurements of FT and LDA in the thoracic and lumbar regions with real-time ultrasound equipment. The FT in the thoracic and lumbar regions ranged from 0 to 5.50 mm and the thoracic and lumbar LDA varied from 2.96 to 13.00 cm 2 . BCS had a positive moderate correlation (P<0.0001) with thoracic and lumbar FT (0.45≤ r ≤0.60), as well as with thoracic and lumbar LDA (0.65≤ r ≤0.67). Simple linear regression equations for BCS showed to be significant (<0.0001) using ultrasound measurements as predictors, being a better predictor LDA (r 2 = 0.92) than FT (r 2 =0.21-0.36). Using multiple linear regression, the equation that included lumbar FT and LDA as independent variables showed to be the best (r been questioned (Zulu et al., 2001; Keinprecht et al. 2016) . For this reason, it has been evaluated other methods such as ultrasound, the use of digital images and recently using Smartphone Applications (Schröder and Staufenbiel, 2006 , Azzaro et al. 2011 , Halachmi et al. 2013 Chay-Canul et al., 2016; Alic-Ural 2016) .
Studies done in dairy cows (Schröder and Staufenbiel, 2006; Hussein et al., 2013) have reported that measurements of backfat thickness (FT) by ultrasonography along with the BCS can be used to assess the energetic and body state in this species. Also, a good positive correlation has been observed between BCS and ultrasound measurements in cows (Zulu et al., 2001; Broring et al., 2003) , horses (Silva et al., 2016) , donkey (Quaresma et al., 2013) and hair breed sheep . For their part, Junkuszew and Ringdorfer (2005) found that ultrasound measurements (subcutaneous fat and muscle depth) were positively correlated with the body composition of wool breed lambs. Thus, ultrasound measurements as FT and area of the Longissimus dorsi muscle (LDA) have proved to be useful to develop prediction equations for BCS in cattle and sheep.
The use of prediction equations including FT and LDA measured by ultrasound as predictor variables could be an alternative to objectively assess BCS in hair sheep breeds. However, the information on the relationship between BCS and ultrasound measurements from fat and muscle tissue is limited, and in consequence, the evaluation of FT and LDA as predictor variables for BCS has not been done in these hair sheep breeds. Thus, the objective of the present study was to assess if backfat thickness and Longissimus dorsi muscle area measured by ultrasonography can be used to develop prediction equations for BCS in multiparous and non-pregnant Pelibuey ewes.
MATERIALS AND METHODS

Animals and management
The experiment was conducted at the "El Rodeo" farm (17o 84´ N, 92o 81´ W), located in the Villahermosa township, Tabasco State, in the Southeast region of Mexico. The climate in the region is warm-humid, with average minimum and maximum temperature of 18.5° and 36 o C, and an annual precipitation of 2299.5 mm (CONAGUA 2016). All procedures involving animals were conducted within the guidelines of official techniques of animal care and health in México (NOM-051-ZOO-1995) .
A total of 80 non-pregnant and non-lactating Pelibuey ewes (age= 2-3 years old, body weight= 39.0 ± 7.5 kg and BCS= 3.1 ± 1.2 units) were used. Ewes were confined in pens equipped with concrete floor, shade, and feed and drinking troughs. The diet offered was formulated with a forage: concentrate ratio of 66:34 % to provide 12 MJ of metabolizable energy/kg dry matter and 10 % of crude protein to ewes (AFRC, 1993) . In general, the dietary ingredients were ground corn (19 %), soybean meal (11 %), cane molasses (3 %), hay of star grass (66 %), vitamins, and minerals (1 %).
Ultrasound and BCS measurements
The BCS for each ewe was evaluated by two experienced technicians, using a 1-5 scale, with 0.5 increments; where BCS 1 represents a thin animal and 5 an obese animal as described by Russel et al. (1969) . The ultrasound measurements were determined using an Aloka 500 real-time ultrasound machine in B-mode, equipped with a 5 MHz linear probe (Corometrics Medical Systems, Wallingford, CT). Ewes were shaved previously between the 12 th and 13 th thoracic vertebrae and the 3 rd and 4 th lumbar vertebrae regions according to Aguilar-Hernandez et al. (2016) and Chay-Canul et al. (2016) . The measurements carried were FT (mm) and LDA (cm 2 ) both in thoracic (TFT and TLDA) and lumbar region (LFT and LLDA). The ewes were manually immobilized; an acoustic gel was used to create good contact between the probe and the skin of ewes. The pressure over the transducer head was kept to a minimum to avoid compression of the subcutaneous fat (AguilarHernandez et al. 2016; Chay-Canul et al. 2016) . All measurements were taken on the left side of ewes and by the same operator following the methodology described by Aguilar-Hernandez et al. (2016) and Chay-Canul et al. (2016) . After capturing the scan image, the LDA and FT in both regions were measured using the digital callipers of the equipment to record the information for each animal.
Data analysis
A descriptive statistical analysis for BCS and ultrasound measurements was performed using the PROC MEANS of SAS (SAS 2010) . The data of ultrasound measurements were analyzed using a linear model with BCS group as a fixed effect using the PROC GLM of SAS (SAS 2010). Pearson´s correlation coefficients among variables were estimated using the PROC CORR of SAS (SAS, 2010) . Relationships between BCS and ultrasound measurements were estimated by linear regression models using PROC REG of SAS (SAS Ver. 9.3, 2010) . The option STEPWISE and Mallow's Cp were used in the SELECTION statement for significant (P < 0.05) variables to be included in the models. The accuracy of the models was evaluated by the determination coefficient (r 2 ), means square error (MSE) and univariate linear regression analysis comparing predicted and observed values.
RESULTS
Predominantly the ewes used in this study had a BCS between 3.0 and 4.0 units (53.7 %), and only 31.3 % and 17.5 % of ewes recorded BCS <3.0 units and >4.0 units, respectively. Results of the descriptive analysis are shown in Table 1 . The TFT and LFT values ranged from 0.1 to 5.50 mm, while the TLDA and LLDA values varied from 2.96 to 13.00 cm 2 . Coefficients of variation for all variables were above 29 %.
Results of the effect of BCS on ultrasound measurements are shown in Table 2 . Ewes with BCS <3.0 units had lower (P < 0.0001) FT and LDA both in the thoracic and lumbar region than ewes with BCS>3.0 units. Additionally, ewes with BCS=5.0 units showed higher (P < 0.0001) TLDA and LLDA than ewes with BCS=3.0 or 4.0 units. The TFT and LFT did not vary among ewes with BCS>3.0 units. Table 3 . BCS was positively correlated (P < 0.0001) with ultrasound measurements, although the relationship between these variables was considered as moderate (0.45 ≤ r ≤ 0.67). Also, TFT, LFT, TLDA and LLDA showed a positive correlation (P < 0.0001; 0.44 ≤ r ≤ 0.85), highlighting the correlation between TLDA and LLDA (r= 0.85).
Results of Person´s correlations are shown in
The linear regression equations developed between BCS and ultrasound measurements are shown in Table 4 . Simple linear regression equations showed a positive association (P < 0.0001) between BCS and ultrasound measurements, but the determination coefficients were low with TFT (r 2 = 0.21; Eq. 1) and LFT as independent variables (r 2 = 0.36; Eq. 4). Contrary, high determination coefficients were observed with TLDA (r 2 = 0.92; Eq. 3) and LLDA (r 2 = 0.92; Eq. 6) as independent variables. It should be mentioned that the intercept was not significant for equations where TLDA (Eq. 2) and LLDA (Eq. 5) were considered as independent variables, so these equations were fitted for simple linear regressions through the origin (Eq. 3 and 6). In the multiple linear regression analysis, the best model to predict BCS considered LFT and LLDA as predictor variables (Eq. 7). Nonetheless, because the intercept of the equation 7 also was not significant, we fitted a multiple linear regression through the origin in this model (Eq. 8; P < 0.001, r 2 = 0.93, MSE= 0.76 and RSD= 0.87).
Results of comparison of predicted and observed values for BCS are shown in Fig. 1 . Predicted and observed BCS agree (P < 0.001) when equations 3, 6 and 8 were used to obtain predicted values. The r 2 values in these analyses ranged from 0.43 to 0.52, by which these equations that included TLDA, LLDA or LLDA and LFT can predict BCS with a moderate accuracy in Pelibuey ewes.
DISCUSSION
This study aimed to stablish the relationships of back fat thickness (FT) and L. dorsi muscle area (LDA) determined by ultrasound with BCS in non-pregnant, non-lactating and multiparous Pelibuey ewes. Several papers have been published on this topic in other species (Ayres et al., 2009; Quaresma et al., 2013; Hussein et al., 2013; Silva et al., 2016) , while this study seems to be the first one involving a tropical sheep breed. Mean values for TFT (1.2 vs. 2.0 mm), LFT (1.3 vs. 1.9 mm), TLDA (6.9 vs. 7.1 cm 2 ) and LLDA (6.6 vs. 6.9 cm 2 ) were slightly below than those reported by Aguilar-Hernández et al. (2016) and Chay-Canul et al. (2016) for this type of Pelibuey ewes. Additionally, ewes of the current study were 8 % more weighted and with higher BCS variation (1-5 vs. 1.5-3.5 units) than ewes from previous studies (Aguilar-Hernández et al., 2016; Chay-Canul et al. (2016) . Therefore, the variations in mean values for FT and LDA could be attributed to differences in the BCS range, diet, and/or environmental factors. Moreover, the values of standard deviation showed that data of FT were more dispersed around the mean than data of LDA, which it is congruent with finds of other studies done in sheep (Aguilar-Hernández et al., 2016) . There are evidences in the literature suggesting that malnutrition scenario in adult ewes is greatly reflected in rapid alterations on the fat tissue deposition, while muscle tissue is less affected (Chay-Canul et al., 2011) ; this is product of metabolic adaptations that development any ruminant to survive (Chilliard et al., 1998) . In this sense, higher variation in TFT and LFT compared to TLDA and LLDA was expected.
Ewes with low BCS (<3.0 units) had decreased FT and LDA both in the thoracic and lumbar region. This situation is well documented in the literature; low BCS in sheep is a reflection of undernutrition, and consequently, ewes under such nutritional scenario mobilize fat and muscle tissue to compensate its energetic deficit (Chillard et al., 1998) . Interestingly, ewes with BCS= 5.0 units had higher LDA but not FT compared with ewes with BCS=3.0 and 4.0 units. This suggests that BCS in the current study was overestimated in apparently fat ewes (BCS=5.0 units). While it is true that the BCS evaluation using the methodology of Russel et al. (1969) is easy and reflects with certain precision the corporal state of the sheep, our results demonstrate that experienced evaluators can present problems to differentiate between Pelibuey ewes with 3 or more of BCS.
According to Taylor (1990) , the BCS in Pelibuey ewes showed a moderate association (0.36 ≤ r ≤ 0.67) with FT and LDA; so these ultrasound measurements can be used to predict the BCS through linear regression models in multiparous and non-pregnant Pelibuey ewes. Notably, TLDA, LLDA and LFT (r= 0.60 to 0.67) could be better predictors for BCS than TFT (r= 0.45). However, given the values of correlation coefficients, it is difficult to expect that the models developed predict BCS with high accuracy. Consistent with these finding, previous studies have also reported an association between BCS and ultrasound measurements in Pelibuey ewes of similar physiological state and age to those used in the present study (Aguilar-Hernández et al., 2016; Chay-Canul et al., 2016) . Additionally, studies done in dairy cows (Schröder and Staufenbiel, 2006; Hussein et al., 2013) , Zebu beef cow (Ayres et al., 2009) , donkeys and horses (Gentry et al., 2004; Quaresma et al., 2013; Silva et al., 2016) have also indicated a positive relationship between BCS and FT. For its part, Jaurena et al. (2005) found a positive association between BCS and LDA in dry and lactating dairy cows. In all those studies, the correlations (r ≥ 0.40) were from moderate to strong, which suggests in combination with our results that ultrasound measurements of muscle and fat in loin are closely related to the body state of the animals.
The FT from the thoracic and lumbar regions showed to be poor predictors for BCS in the Pelibuey ewes of this study, as they explained less than 36 % of the variation observed in the BCS. Chay-Canul et al. (2016) found also an association (0.38 ≤ r 2 ≤0.43) between BCS and FT measured by ultrasound but low using simple linear regression in adult and non-pregnant Pelibuey ewes. However, in a work done with Rasa Aragonesa ewes indicated that BCS and FT (measured by ultrasound) explained 77 and 65 %, respectively, of the variation observed in subcutaneous fat (Mendizabal et al., 2003) ; in consequence, in this study it was expected a strong relationship between BCS and FT, as well as, a higher r 2 value in the regression models where TFT and LFT were used as independent variables. So while FT can be used to predict BCS in some sheep breeds as the Rasa Aragonesa and cattle (Broring et al., 2003; Hussein et al., 2013) , in Pelibuey breed ewes is not possible.
On the hand, the development of BCS prediction model in domestic (Broring et al., 2003; Hussein et al., 2013 and non-domestic (Alapati et al., 2010 , Silva et al., 2016 animals have been addressed to use FT ultrasound measurements as predictor variables. The LDA, which can also be measured with ultrasound, has received little attention as a predictor of the BCS. In this study, TLDA and LLDA showed to be good predictors for BCS (r 2 = 0.92) in the Pelibuey breed, which agrees with results of Sanson et al. (1993) , who observed that BCS explained 84 % of the variation in LDA measured directly on the carcass. In fact, the regression analysis between predicted and observed values of BCS showed coincidence between them, with r 2 = 0.43 (TLDA) and 0.46 (LLDA). These values of determination coefficient suggest that TLDA and LLDA could be used to predict BCS with moderate accuracy using the equations 3 and 6, respectively (Myers 1990) . Including other ultrasound measurements in combination with LDA might increase the accuracy of prediction models for BCS.
A multiple linear regression analysis was also applied to the data to verify if a model including both FT and LDA is the best predictor of BCS in Pelibuey ewes. This new model had as predictors to LFT and LLDA (r 2 = 0.92, Eq. 8), and showed to predict BCS with a moderate accuracy (r 2 = 0.52). Given the little contribution of LFT to explain the BCS variation in this multiple regression models, we recommended only the use of LDA measured by ultrasonography as the predictor of the BCS in multiparous and non-pregnant Pelibuey ewes. Previous studies were not found in relation to the development of BCS prediction model using a multiple linear regression in sheep, however, Ptáček et al. (2014) mention that sheep BCS as a nutritional status and body development is formed not only by fat reserves but by muscle also. This can be confirmed with our results.
CONCLUSION
While BCS and FT were poorly correlated, the LDA proved to be a good predictor of the BCS in multiparous and nonpregnant Pelibuey ewes. Therefore, LDA can be used to develop prediction equations for BCS, and thus, the BCS evaluation could be measured objectively in sheep flocks of the hair breeds, or at least in pure Pelibuey and their crosses. It should be noted that the use of this tool for management in commercial flocks could be impractical, since the equipment is expensive and a qualified technician is needed. However, at experimental level in studies of nutrition or nutrition-reproduction interaction, the determination of LDA by ultrasound together with the BCS traditional could be of great help to improve the interpretation of results.
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